Monitoring eyes on Indium Phosphide  by Sandhu, Adarsh
Dr Drew Nelson of IQE, UK, opened by
reviewing the growth technology available
for III-V materials R&D with an emphasis
on the key drivers, history and future
prospects of these technologies.The key
drivers were listed as communications
(fiber optics, wireless, direct broadcast
satellite); computers (information, DVD,
speed); and consumers (data storage, and
health care).The importance of new ideas
and technologies was shown to be not
always obvious to the people of the day;
witness the invention of the transistor, ini-
tially only given a short paragraph in a
newspaper article.Thus making predic-
tions and forecasts about technology
trends is a difficult and imprecise science.
The decline in sales of III-V related tech-
nology in 2000 resulted in a major down
scaling of the InP industry. However, Dr
Nelson expects a brighter future, as
excess capacity is consumed, with the
prospects for increases in demand within
the next few years.
For the future, return on investment can
only be expected by implementation of
new strategies including, use of large
wafers sizes, (12 x 4” OMVPE; 1x12” by
MBE ; 12” silicon substrates),and out-
sourcing production of wafers and
device fabrication to reduce develop-
ment and production costs.
Dr Murata (NTT,Atsugi), described the
growth and fabrication of
InAlAs/InGaAs/InP HEMT.The structures
were grown on 3” InP substrates by
MOCVD and used to fabricate InP HEMT
devices exhibiting ft=186GHz, fmax= 320
GHz, gm=1.2 S/mm with a Vth variation of
13 mV over a 3” wafer.The NTT group is
also working on realising the goals of its
HBT roadmap, including HBTs for full rate
100Gbit/s circuitry.An example of recent
work is the 3rd generation InP D-HBT
grown on 3” InP substrates, with a 0.6µm
emitter, 150nm collector and 30nm
pseudomorphic base.The figures of merit
of this device were given as, ft= 340GHz,
fmax= 492GHz,Jc= 6 mA/µm
2, and ECL
gate delay =3.48 pS. InP HEMT and HBT
ICs (MUX IC) were operational at about
100GHz with clear ‘eye openings’ in the
waveform characteristics. Prototype 100
GHz PRBS pulse generators were fabricat-
ed, exhibiting ‘true’ signals, with an RMS
jitter of ~700fs. Further progress will
depend on overcoming shortcomings due
to electrical connections by use of OEIC
technology.
Carbon is used as a low diffusivity dopant
for fabricating high performance opto-
electronics devices.The Mitsubishi
Chemical group presented their results on
carbon doped InAlGaAs/InP 1mm cavity
length laser diodes for 1.3µm wavlengths.
The use of InAlGaAs/InP offers a large
conduction band offset with carbon dop-
ing, enabling sharper doping profiles due
to the low diffusion coefficient of carbon
in InAlAs.The InP/InAlAs/InP (S-doped
(100) substrate) structures were grown by
MOVPE, with the InAlAs layer grown at
550oC and CBr4 used to dope it ~1x10
18
cm-3.The carbon doped devices showed
better performance than Zn doped struc-
tures, with no phase separation and a
maximum power of 150mW.
The importance of in-situ monitoring of
material parameters for increasing the
yield of production epitaxial wafers was
emphasised by several speakers. Dr Zettler
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The 16th international conference on Indium
Phosphide and Related Materials 2004 was
held between 31 May and 4 June, at
Kagoshima, a stone’s throw from
Sakurajima; one of the best known active
volcanoes in Japan. In his opening, confer-
ence chairman Dr Yuichi Matsushima, said
that 350 participants from 16 countries
would be involved in three plenary talks, 25
technical sessions, and 199 presentations
during the conference. This review is of pro-
ceedings that covered the six areas of char-
acterization and bulk materials, epitaxy, pro-
cessing and materials integration, electron
devices, optoelectronics and nanostructures
and novel materials. 
Dr Adarsh Sandhu
IPRM went well, without any ash or lava
from a biddable Sakurajima causing any
problems!
The Michael A Lunn Award
sponsored by III-Vs Review
was presented to Dr Drew
Nelson, IQE, UK for “his out-
standing contribution
towards the development of
epitaxial technologies for the
benefit of the whole InP
community.”  Dr. D Scott, University of
California, Rockwell Scientific Company
received the Best Student Paper Award from
IEEE/LEOS.
IPRM ‘05 will be held in Glasgow, Scotland, 
8-12 May, 2005. 
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(LayTec), described the latest develop-
ments of his collaboration with TU Berlin
on the use of reflectance anisotropy spec-
troscopy (RAS) for the real-time monitor-
ing of the growth of InGaAs/GaAs quan-
tum dot VCSEL structures by MOCVD. RAS
was used to monitor the QD and cladding
layer parameters of QD VSCEL structures
grown using alternative nonhydride pre-
cursors:TBAs,TMGa,TMAl,TMIn for the
layers and DETe, CBr4 for doping.A QD
VCSEL device, with a 1.5µm aperture had
a threshold current of 104µA and a maxi-
mum cw output of 0.7mW at an emission
wavelength of 1.1µm.This use of RAS, was
proposed as being better for mass produc-
tion compared with STM monitoring.
Dr Watatani (Mitsubishi Electric Corp,
described the use of reflectance spectro
scopy for in-situ monitoring of AlGaInP
during MOVPE growth.Their method
employs Fabry-Perot oscillations and the
film growth rate and Al content can be
determined independent of the structure.
This method is expected to be applicable
for monitoring other materials as well.
Dr Jin (Intelligent Epitaxy Tech. Inc.)
reported on the importance of in-situ opti-
cal monitoring film parameters during the
MBE growth of InGaAs/InP PIN structures
on 4” InP substrates.Absorption band
edge spectroscopy (ABES) was used to
monitor the temperature profile in multi-
wafer production MBE systems.The
source flux was optically monitored using
a method based on the atomic absorption
of the group III flux.Two micrometer
thick, fully depleted InGaAs layers, with a
background of less than 1x1014 cm-3, and
mobility of 12,000 cm2/Vs,were grown on
4” InP substrates.The layers, were totally
depleted at 0V and PIN diodes with a
diameter of 75µm, and showed a dark cur-
rent of 0.5nA at 2VR and photo responsivi-
ty of 0.95 A/W at 1550nm.
In an invited talk,Prof Tsukamoto (Tokyo
University),described his work on the use
of STM for the in-situ monitoring of het-
eroepitaxial growth of InAs quantum dots
(QDs) on GaAs(001) substrates during MBE
growth.Quantum dots are promising for
1.3µm to 1.55µm range laser applications
as predicted by Arakawa and Sakaki, in
1982.The use of self organising growth has
been extensively investigated by many
groups worldwide.The problem of in-situ
monitoring during MBE growth is still unre-
solved since RHEED,although useful for
monitoring 2D growth,cannot be used to
monitor and control the QDs size that
occurs as 3D growth.The use of docked,
but separate MBE and STM chambers,
where deposition QDs is followed by rapid
quenching (50°C/s) and samples are trans-
ferred (~2s) to the adjacent STM chamber,
offers snap shots,but not real time images.
Real time imaging during growth is
preferable but there are still problems
related to the contamination of STM
instrumentation and probes located
inside an MBE chamber. Prof.Tsukamoto
has ingeniously managed to locate the
STM within an MBE chamber and record-
ed the evolution of InAs QDs on GaAs
over a wide range of growth conditions.
Fig. 1 shows InAs QDsimaged with STM
inside a MBE chamber. His group has
found no evidence for a highly mobile
layer of In or InAs. On average, the InAs
QDs were 1.7nm high and 5nm wide
with a density of ~6x1011 cm-2.
The Northrop group reported the estab-
lishment of 100mm MBE growth and
related processing for the fabrication of
0.1µm InGaAs/InAlAs/InP HEMT MMICs
(peak transconductance= 810mS/mm, ft=
190GHz) on 100mm InP substrates.
The devices will find applications in
phase arrays and related space technolo-
gy.The InP MMIC devices were
processed using HBT and GaAs HEMT
production lines to reduce costs.
The IEMN group from France, described
the fabrication and electrical characteris-
tics of 0.12-0.28µm, double gate
InGaAs/InAlAs HEMT structures, using
transferred substrate technology for
reducing short channel effects.The lat-
tice matched structure was grown an InP
substrate by gas source MBE.The devices
showed a gm= 2650mS/mm, the highest
reported for any transistor, at a drain cur-
rent of 310mA/mm; fT=110GHz; and
fmax= 200GHz. Fig. 2 shows the SEM
image of the double gate HEMT and fre-
quency characteristics of the DG-HEMT
developed in this work.
The session on ‘new materials for MBE’
produced lively debate about the incorpo-
ration of thallium (Tl) in semiconductors
for infra-red devices covering the 1.7-10
µm range.The addition of Tl has the added
benefit that the band gap energy of such
semiconducting compounds is predicted
to be independent of temperature.
The Osaka group had a reduction in tem-
perature coefficient of the refractive index
and energy gap of TlInGaAs/InP, grown by
gas source MBE, with increasing Tl con-
tent.The temperature dependence of TlIn
GaAs/InP laser diodes structures (Tl=6%;
70µm wide; 300µm long; emission wave-
length =1665nm) in LED mode was 0.06
nm/K between 200-330K. Pulsed laser
action was also observed between 77-310
K, where temperature coefficient of the
LO peak was 0.06nm/K, smaller than the
0.1nm/K for InGaAsP laser diodes.
The group from ECL, France, found that is
was possible to incorporate a maximum
Fig. 1: InAs QDs imaged with STM inside a
MBE chamber (S. Tsukamoto, Tokyo University)
Fig 2:SEM of double gate HEMT (A Cappy,
IEMN-DHS)
of 4% of Tl into an In0.46Ga0.53As matrix at
relative growth temperatures from 200-
230°C. Results showed it was possible to
incorporate ~7% into GaAs and only
~2.5% into InAs.The presence of In hin-
ders incorporation.Thermo-dynamic and
microscopic properties of the materials
were used to explain the observations.
Optimum conditions for growth of Tl
semis still need clarification.
Dr. Kawase (Sumitomo Electric Inds)
reported on a comparison of dislocation
density, resistivity and PL emission of 3”
and 4”, semi-insulating Fe doped InP
substrates grown by liquid encapsulated
growth (LEC), vapour controlled Czoch-
ralski (VCZ) and a recently developed
vertical boat (VB) method.VB was
shown to produce superior results,
where 4” Fe doped substrates had a dis-
location density of 2,500cm-2 and a
resistivity uniformity variation of 3.9%
from a nominal value of 2x107ohm-cm.
The superiority of the VB method was
attributed to the ability to grow single
crystals under a low temperature gradi-
ent of 5-20°C/cm, because InP decom-
position is suppressed by total encapsu-
lation.The post deadline session went
on until late evening with several very
timely and important reports.
Nikko Materials described the growth of
low dislocation 3” and 4” Fe doped InP
substrates by phosphorous vapour con-
trolled LEC method.The dislocations den-
sities of the 3” and 4” substrates were
~500 cm-2 and ~5000 cm-2, respectively.
These substrates will be particularly use-
ful for fabricating photo diodes with low
dark currents.
Dr Yamamoto (Nat Inst. of Information
and Comm, Koganei, Japan) reported on
continuous wave laser emission from
InGaSb QD VCSEL structures grown on
GaAs substrates.The density of InGaSb
QDs in the active region was increased
by irradiating the GaAs surface with sili-
con atoms (~4x1011 cm-2) under an Sb
flux of ~4x10-7 Torr.A record, 4.4x109
cm-2 InGaSb QDs were produced by Si
irradiation, which is a factor of 100
greater than without Si irradiation.The
InGaAs QD VCSEL structure showed cw
operation at room temperature, at an
emission wavelength of ~1.34µm and
threshold current density of 310 A/cm2.
Fig. 3 shows QD dependence on Si irra-
diation and images of the device struc-
ture In the session dedicated to elec-
troabsorption modulators, Dr Fukano
(NTT Photo-nics,Atsugi) demonstrated
development of a 40Gbit/s
InGaAlAs/InAlAs modulator, with RF
extinction ratio of 10dB, operating at Vpp
of 1.1V, a voltage less than half that of
devices terminated at 50ohm.
Summaries of notable contributions
Dr Yamada, Sumitomo Electric Industries,
Ltd: PL, PR and FTIR measurements
showed the origin weak of luminescence
from GaInNAs grown by MOVPE to be
due to non-radiative centers arising from
the spatial inhomogeneity of nitrogen
and the existence of N-H bonds.
Dr M Yoshimoto, Kyoto Institute of
Technology: epitaxial layers of GaNAsBi
were grown on GaAs (001) by MBE. GaBi
molar fraction of up to 4.0% and GaN
molar fraction up to 8.0%, were
achieved.
Dr X Letartre, LEOM-UMR CNRS: Use of
photonic crystals and micro-opto-electro
mechanical systems (PCMOEMS) for fab-
ricating “2.5 dimensional photonic struc-
tures” by combining 2D PC membranes
and 1D multi-layers.
Dr Kamp,Würzburg University: tunable
photonic waveguide lasers based on
two coupled photonic crystal wave-
guides.Tuning over a 30nm range was
demonstrated.
Dr Nguyen, Global Communication
Semiconductor:A highly reliable process
for fabricating InP HBT ICs was devel-
oped.The mean-time-to-failure of over 5
million hours for active devices with an
activation energy of 1.25 eV at the oper-
ating condition of Tj=125 C and
Jc=100kA/cm2 were demonstrated.
Dr Uchiyama, Hitachi CRL: Reported
that fluorine penetration into the chan-
nel layer and stacking of fluorine atoms
in the Si-planar doped layer was respon-
sible for RIE damage in InGaAs/InAlAs
pseudomorphic HEMT.An ultra-thin
InSb barrier layer above the Si-planar
doped layer was found to suppress
degradation.
Dr Fukuyama, NTT Photonics Laboratories:
Development of a parallel feedback
amplifier using InP/InGaAs double het-
erojunction bipolar transistor IC technol-
ogy with a gain of 14 dB and 91GHz
bandwidth, at 100-Gbit/s operation. Said
to be the highest bandwidth attained to
date for base band parallel feedback
amplifiers.
Dr Scott, Rockwell Scientific Co: Non-
selective MBE regrowth of base-emitter
junctions was found to improve the char-
acteristics of InP-based double hetero-
junction bipolar transistors.A 0.7 x 8µm
regrown emitter HBT showed ft=183
GHz and fmax of 165 GHz.
Dr Shirai, Mitsubishi Electric Corp:
Development of high performance
10Gbps, direct modulation 1.3µm
AlGaInAs-MQW ridge waveguide DFB
LDs with output power of 5mW, operat-
ing at 120ºC.
Prof. Lester, University of New Mexico:
Use of dot-in-a-well (DWELL) technology
for fabricating quantum-dot optical
devices operating in the 1.3 to 1.6µm
range. QD lasers were shown to have
better performance than conventional
lasers.
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Figure 3: Left QD density (a) without and (b) with Si irradiation. Right, SEM and optical images of
QD VSCEL structure (N Yamamoto, NICT)
